Semitransparent surfaces are used in antenna reflectors to obtain the required shape of the radiation pattern. The task of transparency optimization can be simplified with analytical formulae. In this paper, we investigate the scattering of a vector cylindrical wave by a semitransparent half-plane and axisymmetric reflector. The profile of the reflector can be concave, convex, or concavo-convex. We derive some asymptotic formulae for the radiation pattern of the scattering task. In this paper, we present the numerical results calculated through the asymptotic formulae. These results have also been verified through the method of moments.
I. INTRODUCTION
Semitransparent ground planes or reflectors with resistive edges can help with the suppression of back radiation or formation of a sharp main beam with low sidelobe levels. To analyze such scatterers, two-dimensional (2D) models of scattering of cylindrical waves by semitransparent strips and parabolic, hyperbolic, and elliptic reflectors have been used in [1] [2] [3] [4] [5] . In those papers, the scattering tasks have been solved by numerical solutions of integral equations. However, for the purpose of transparency optimization to obtain the required shape of the radiation pattern, analytical formulae can be advantageous as they are more representative of the physical phenomenon, thus provide more insight.
In this paper, we derive analytical asymptotic formulae for a 2D task of scattering of a vector cylindrical wave by a semitransparent (in particular, perfectly conducting) half-plane and reflector, which are pertinent to the transparency optimization issue. To estimate the accuracy of the formulae, we compare the asymptotic solution with a numerical solution of the scattering task obtained through the method of moments (MoM).
II. ASYMPTOTIC SOLUTION FOR A HALF-PLANE
Let us consider the cylindrical wave scattering by a semitransparent half-plane, as shown in Fig. 1(a) . The source of the cylindrical wave is located at the point (x=h, y=0) and is at a distance Lhp from the edge of the half-plane along the y-axis. The radiation pattern of the cylindrical wave has the azimuthal Hφ(φ) and axial Hz(φ) components of the magnetic field intensity vector in free space in cylindrical coordinates (ρ, φ, z). The semitransparent surface is characterized by two reflection coefficients R⊥,||(y), and two transmission coefficients T⊥,||(y) (for waves with perpendicular (⊥) or parallel (||) orientation of the magnetic field intensity vector relative to the edge of the half-plane). In general case, these coefficients are complex numbers with arguments to be within the range of [-π/2; π/2].
The simplest asymptotic solution of the scattering task can be obtained in the geometric optics (GO) approximation: 
where, k = 2π/λ; λ is the radiation wavelength; 1 i  ; ξ is equal to -1 and 1 for the azimuthal and axial component of the magnetic field intensity vector, respectively; φ inc =π/2+φ ls ;
To get the asymptotic solution in the shady region, let us follow the geometrical theory of diffraction (GTD) method. The GTD pattern is calculated as a sum of GO pattern and the pattern of an edge wave. For the case of a plane wave incident at the angle φ ls onto a semitransparent edge, the radiation pattern of an edge wave has the following empirical representation [6] :
The GTD pattern (H GTD ) of the scattering of the cylindrical wave by a semitransparent half-plane is expressed through the function
that is the first term of the asymptotic expansion of the Fresnel integral 
As a result, the UGTD pattern (H UGTD ) is expressed in terms of the GO pattern, the discontinuities of which are smoothened by the Fresnel integrals:
III. ASYMPTOTIC SOLUTION FOR A REFLECTOR
Let us consider the scattering of the field of the same source of a cylindrical wave located at distance h from the centre of an axisymmetric semitransparent reflector. A smooth and slowly varying function x=fR(y), y∈[0..Lhp], determines the profile of the reflector. We assume that both the profile and the distribution of reflection and transmission coefficients are symmetric relative to the x-axis. The reflector can be concave ( Fig. 1(b) ), convex, or concavo-convex. The source illuminates fully the surface of the reflector. The UGTD pattern of the source above the reflector is determined through a GO pattern of the scattering task H GO_R , an eikonal of the wave reflected from the reflector Srefl, and the reflection 
IV. NUMERICAL RESULTS Let us consider a line current flown along the z-axis, which is located at the point x=0.25λ above a corner reflector with the profile of fR(y)=0.1y, Lhp=2λ. Such z-oriented electric or magnetic current has unidirectional (Hφ,z=1) azimuthal or axial component of the radiation pattern, respectively. We consider a perfectly conducting reflector (R⊥,||=1, T⊥,||=0), and a semitransparent one with the following transparency: R⊥,||(y)=1/(1+0.58y/Lhp), T⊥,||(y)=1-R⊥,||(y). Fig. 2 shows radiation patterns calculated through formula (7) . For the perfectly conducting case, we calculate radiation patterns numerically through EDEM software [8] , which calculates scattering of electromagnetic waves by the MoM.
V. CONCLUSIONS
In this paper, we present an asymptotic solution of the scattering of a vector cylindrical wave by a semitransparent reflector. The asymptotic solution is based on the use of an edge wave for a semitransparent edge and the UGTD method. It is expressed as a GO approximation smoothened by the Fresnel integrals.
